The effects of six basal media on in vitro shoot proliferation of the greek grapevines Vitis vinifera L. cv. 'Malagouzia' and 'Xinomavro' were investigated. Galzy and Zlenco proved to be the most effective for 'Malagouzia' and 'Xinomavro', respectively. If only BA was present in the medium, shoot development was poor and the plantlets were chlorotic. When the medium was supplemented with BA and NAA, growth was enhanced. The best ratio (in μM) of growth regulators was 0.5/0.3 for 'Malagouzia', and 0.1/0.03 for 'Xinomavro', which resulted in the highest number of microshoots per explant and greatest proliferation rate. The development of 'Malagouzia' and 'Xinomavro' explants at 21±2 and 26±2°C was also investigated, revealing the higher temperature to be more effective. Regarding rooting, 0.5 μM IBA improved root formation at 26°C for 'Malagouzia' and 0.5 μM IBA at 21°C for 'Xinomavro'. Moreover, 0.5 μM IBA resulted in a higher rooting percentage (>95%) and proved to be more beneficial for the overall morphological appearance of the plantlets of 'Malagouzia'. After acclimatization, survival of microshoots cultivated in media with IBA was higher than those in NAA.
Introduction
Grapevine (Vitis vinifera L. and Vitis interspecific hybrids) cultivation is of great importance for the economy of many countries, including Greece where many local cultivars produce high quality wines with unique characteristics [1] . 'Malagouzia' is one of the most ancient Greek grapevines cultivated in northern Greece especially in the Chalkidiki viticultural zone, producing dry, white wine. It is a very important cultivar, and its wine was the bronze winner of 'Challenge International du vin 2007' (http://www.globalwinespirits.com), an international contest for wine held in France. 'Xinomavro' is one of the most important red wine varieties cultivated in central and west Macedonia and it is a component of some V.Q.P.R.D. wines (Vin de Qualité Produit Dans Une Région Déterminée, Quality Wines Produced in Determined Regions) of great significance. A clonal selection performed recently revealed many clones of 'Xinomavro', but X6 proved to be the most typical of the cultivar [2] .
Micropropagation of grapevines was first carried out by Galzy using nodes containing functional buds [3] . Since then many different procedures of in vitro grapevine propagation were developed. The proliferation of axillary buds is considered successful providing rapid plant multiplication [4] , whereas other methods appear relatively slow for commercial production. A crucial problem that affects micropropagation procedures is the genetic variability among different cultivars, which affects the efficiency of in vitro techniques used and the appropriateness of the micropropagation protocols applied [5, 6] . According to some researchers [7, 8] the best combination of a nutrition medium for grapevines depends on the cultivar, thus a proposed medium for a variety could be more or less appropriate for one other, concerning both the concentration of the mineral nutrients and the presence of cytokinins [9] [10] [11] . This fact could be explained by the different ability of grapevine cultivars to absorb K, Ca 2+ and Mg 2+ in addition to the different endogenous plant regulators of each cultivar [9, [12] [13] [14] .
In countries rich in grapevine varieties, including Greece, there is often a problem in the identification of these cultivars. Furthermore, intense cultivation of some commercial varieties usually causes the extinction of the autochthonous ones (Spinthiropoulou, personal communication) . For these reasons the development of a bank of in vitro and ex vitro plants could contribute to the preservation of the cultivars. Through in vitro culture, certified identical plant material can be produced and serious phytosanitary problems such as viral diseases can be minimized [14] [15] [16] ; moreover, the cost of this procedure may be lower in the case of mass production when compared to greenhouse use. Additionally, less space is needed and there are no problems with seasoning. Thus, micropropagation could be an alternative method with great potential in the production of elite plant material for the initiation of mother plantations.
The scope of this research was the development of a micropropagation protocol in order to preserve and be able to massively reproduce 'Malagouzia' and 'Xinomavro' X6.
Experimental Procedures

Plant material and in vitro establishment
Grapevine plants of Vitis vinifera L. cv. 'Malagouzia' and 'Xinomavro'-clone X6, obtained from the private collection of the company Vitro Hellas S.A., were used. Shoots were stripped of leaves and washed with tap water. Single node segments were disinfected using 2% (w/v) NaOCl for 16 min containing three drops of Tween 20 for 'Malagouzia' and 1.5% (w/v) NaOCl for 10 min with three drops of Tween 20 for 'Xinomavro', shaken on a rotary shaker and rinsed three times with sterile distilled water. Explants were established in test tubes (100 x 20 mm) containing 10 ml of ½ Quoirin & Lepoivre -Murashige & Skoog (QL-MS) [17, 18] medium supplemented with 0.3 μM BA (benzylaminopurine) and 0.005 μM NAA (naphthaleneacetic acid) for 'Malagouzia' [4, 19] and ½ MS free of growth regulators in the case of 'Xinomavro' [13, 20] . Cultures were kept at 21±2°C and 16-h photoperiod under cool white fluorescent light (40 μmol m -2 s -1
). Explants produced single axillary shoots, which were divided in nodal segments and transferred into 500 ml glass jars containing 125 ml of Galzy (GAL) [21] medium plus 0.13 μM BA and 0.05 μM NAA for 'Malagouzia' and Zlenco (ZL) [22] medium plus 0.01 μM BA and 0.005 μM NAA for 'Xinomavro'. The procedure was repeated every six weeks and enough material for further experimentation was produced after six months. The plantlets used in the experiment were derived from this plant-stock material.
Micropropagation protocols
Culture media
Six widely used mineral nutrient media were tested for both cultivars, supplemented with 0.13 μM BA and 0.05 μM NAA in the case of 'Malagouzia' and with 0.01 μΜ ΒΑ and 0.005 μΜ NAA in the case of 'Xinomavro': (1) Murashige & Skoog (MS) [16] ; (2) Woody Plant Medium (WPM) [23] ; (3) Galzy (GAL) [18] ; (4) Murashige & Skoog -Galzy (MS-GAL), consisted of MS macroand microsalts, and GAL vitamins [24] , without calcium pantothenate and biotin [25] ; (5) QL-MS, consisted of QL macro-and microsalts, supplemented with MS vitamins and Fe EDTA [15] ; (6) QL-WPM, composed of QL macro-and microsalts, plus WPM vitamins and MS Fe EDTA. For 'Xinomavro' ZL was also tested. Different concentrations of growth regulators were used for the developmental study of the two varieties after the results of preliminary experiments indicated that the tolerance of 'Xinomavro' in high concentrations of BA and NAA was lower than 'Malagouzia'. [26] , while a ZL medium without growth regulators was used as control.
Effect of plant growth regulators
Effect of temperature
The effect of a higher (26±2°C) and a lower (21±2°C) temperature on the shoot proliferation of 'Malagouzia' and 'Xinomavro' was tested using GAL medium supplemented with 0.25 μM BA and 0.1 μM NAA and ZL medium plus 0.01 μM BA and 0.005 μM NAA, respectively [8, 21] .
In vitro rooting and acclimatization
Root formation was studied at two different growth temperatures, 21±2 and 26±2°C. Shoots from 6-weekold plantlets, 4 cm long, derived from the plant-stock material, were cultured in modified MS medium [27] , supplemented with different concentrations of either NAA (0.1, 0.3, 0.5, 1 μM) [28] or IBA (indole-3-butyric acid) (0.1, 0.5, 1, 1.5 μM) [29] .
Rooted and non-rooted microshoots, derived from the previous experiment (in vitro rooting), were planted separately in trays filled with 4:1 (v/v) peat (Klasmann, KTS 1) -perlite mixture. The plantlets were placed in a greenhouse, under a 90% relative humidity fog-system and 50% shading for 10 days. Over the next ten days relative humidity was reduced (5%/day), while light intensity was gradually increasing.
Experiments
The single nodal explants used for experimentation were randomly selected from stock material and were 1 cm in length. Fifty explants were used in every treatment and each experiment was repeated twice (n=100). Experiments followed a randomized complete block design, with ten explants per treatment and five replications. All tested media contained 3% (w/v) sucrose and 0.6% (w/v) agar and were adjusted to pH 5.9 before autoclaving.
Experiments on the effects of culture media and growth regulators in shoot proliferation lasted 40 days. Shoot number (S), length of microshoots (base to last visible node) (LM), number of nodes (N), primary root number (R), length of primary roots (LR), proliferation rate (PR) (calculated as the multiplication of S x N), and length of internode segments (IS) were recorded. Measurements of LM, N, PR, IS and LR referred to the average data of S and R, respectively. Data included only new shoots longer than 0.5 cm. Measurements regarding the effect of temperature on the proliferation rate of 'Malagouzia' and 'Xinomavro' were obtained at 20, 30, 40, 50 and 60 days of culture.
Rooting experiments carried out in 21±2°C lasted 18 days and in 26±2°C lasted 10 days. At the end of these periods R and LR were measured. Data referred to roots longer than 1 mm. At the end of the acclimatization period, which lasted 30 days, S, LM, N and survival expressed as % were estimated. 100 plantlets per cultivar for each of the nine treatments were planted, totalling 900.
Student's t-test was used for comparing data from the temperature treatments. Analysis of variance was performed with the general linear model procedure (SPSS 8.0) and mean separation was done with Duncan's multiple range test (P<0.05).
Results
Micropropagation protocol
Culture media
For 'Malagouzia', the combination of the number of new shoots and the proliferation rate resulted in the evaluation of the media tested, as other parameters demonstrated no significant differences ( Table 1) . GAL proved to be the most appropriate medium, followed by QL-WPM and WPM. The plantlets grown on these media were vigorous, with fully developed green leaves and few long primary roots ( Figure 1a) . MS, QL-MS and MS-GAL resulted in plantlets with thin stems, small leaves and some chlorotic hyperhydrated plantlets; thus they were considered to be inferior in regard to the other media.
For 'Xinomavro', ZL and QL-MS appeared to be the most appropriate media for the in vitro proliferation of this cultivar ( Table 1 ). The plantlets produced were apparently more vigorous. Of these, ZL seemed to be the most suitable because the internode segments were longer, which is a crucial feature for micropropagation. The other five media (MS, WPM, GAL, MS-GAL, QL-WPM) were inferior compared to ZL and QL-MS, which was shown both by the measurable variables ( Table 1 ) and the morphological appearance of the plantlets ( Figure 1b) . Hyperhydricity was obvious in WPM and GAL media. In all the media tested, the explants of 'Xinomavro' produced new shoots only when roots were developed.
Effect of growth regulators
In the experiments on the effect of BA, the number of new shoots as well as the proliferation rate for both cultivars increased in parallel with the growth regulator's concentration, whereas the length of plantlets, roots and internodes decreased relative to those of the control medium. Moreover, calli developed and hyperhydricity was observed when a supraoptimal concentration of BA was used (Table 2 ; Figure 1c , d).
Combinations of BA and NAA revealed that in 'Malagouzia' two media seemed to be more appropriate, those of 0.5 μM BA combined with either 0.1 or 0.3 μM NAA ( Table 3) . Of these, the second one was considered to be more suitable because the first combination caused large calli to develop at the basal stem ( Figure 1e ). Hyperhydricity appeared in plantlets cultured in other combinations, especially when high concentration of the cytokinin was used. For 'Xinomavro', the supplementation of media with 0.1 μM BA and 0.03 μM NAA seemed to favour proliferation (Table 3) , producing vigorous plantlets with full shaped green leaves without calli ( Figure 1f ). When 0.05 μM BA was combined with any NAA concentration, small chlorotic plantlets developed, some of which were hyperhydrated.
Effect of temperature
The development of explants was positively affected by the higher temperature (26°C) for both cultivars (Figure 2 ). The number of new shoots and the proliferation rate were increasing during the whole culture period. A higher length of microshoots and internodes observed during the first 30-40 days at 26°C, while 50 days were needed at 21°C (Figure 3a) . Then, shoot length was reducing at both temperatures. For 'Xinomavro' the higher microshoot length was achieved after 60 days of culture at both temperatures, while the internode segment needed 50 and 60 days respectively at 21 and 26°C. The number of roots and nodes followed a similar developmental profile and they were not affected by either the duration of culture or temperature for both cultivars. Higher temperature affected the period needed for root production, which was more obvious in 'Xinomavro' (Figure 2b) , since on the 20 th day of culture at 26°C few roots were developed, which was not the case at 21°C. For both cultivars the length of roots was gradually increasing during the whole culture period at both temperatures. No degradation expressed as necrotic spots on the lower leaves of plantlets was observed at both temperatures.
In vitro rooting and acclimatization
The increased temperature positively affected the rooting of 'Malagouzia' but negatively affected 'Xinomavro' in both auxins (NAA and IBA) administration (Table 4; Figure 3a-d) . At 21°C the first roots were induced after 18 days, while at 26°C, 10 days were enough. For 'Xinomavro', the induced toxicity caused at 26°C prohibited further cultivation. For both cultivars, 'Malagouzia' 'Xinomavro' root length decreased and small calli appeared at increased temperature and concentration of growth regulators, especially NAA. In both temperatures, the number and length of roots and their thickness were higher in media supplemented with NAA compared to those with IBA, while rooting percentage demonstrated no significant differences. In both culture temperatures, the medium supplemented with 0.5 μM IBA was considered to be the most appropriate for the rooting of 'Malagouzia' because of the better appearance of plantlets and the absence of calli. For 'Xinomavro' rooting at 21°C was favoured with 0.5 μM IBA, while rooting at 26°C for this cultivar was not induced. Generally, for both cultivars (apart from 'Xinomavro' at 26°C) longer roots were produced with the control media, but their number and root development percentages were low ( Table 4 and 5). Acclimatization of rooted and non-rooted plantlets of both cultivars was very successful with a high survival rate (Table 5 and 6). For both cultivars the survival rate stabilized after the 20 th day of acclimatization and no survival problems were exhibited. After the acclimatization period, plants showed no significant differences in the stem length and the number of nodes, though rooting at higher ('Malagouzia') and lower ('Xinomavro') temperatures favoured these characteristics resulting in higher survival percentages.
Discussion
Variability of V. vinifera cultivars during micropropagation has been previously reported [13, 21] . This variance is expressed because of the different requirements of each cultivar for minerals, vitamins, growth regulators and temperature, as it was shown for 'Malagouzia' and 'Xinomavro'. For each cultivar, differences in stimulation of shoot elongation may be related to differences in macronutrients [9, 30] .
The appearance of hyperhydricity has been suggested to be induced either by high cytokinin concentrations or by NH 4 + ions [31] . Since BA concentration was relatively low in all media, vitrification occurred probably due to an inappropriate NH 4 + concentration in some media. For 'Xinomavro', it seems that ZL has favoured the root growth, which impacted shoot proliferation and the physiological appearance of the plantlets.
The inclusion of cytokinins in the media is generally considered necessary for proliferation of apical and axillary shoots [4, 32] . Nevertheless, when only BA was added, shoot proliferation and elongation were inhibited for both cultivars. The lack of root formation at the higher concentrations of this cytokinin, proved that BA alone is inappropriate for micropropagation of 'Malagouzia' and 'Xinomavro'.
Differences in internal growth regulators of each genotype has been suggested to be the reason for the diverse in vitro response of several plant species [33, 34] , and variability between V. vinifera cultivars in micropropagation has been attributed to this difference [9] . The differences in optimal growth regulator concentrations that were used for the two cultivars could be explained by the genotype of each cultivar. Supplementing auxins in the culture medium is necessary for some cultivars, while others can proliferate without this growth regulator [32] . The first seemed to be the case for 'Malagouzia' and 'Xinomavro' as shoot proliferation was favoured in the presence of NAA. According to some researchers [8] when auxin is not obligatory the explants function as active centres of auxin biosynthesis, which did not occur for our cultivars.
It has been noticed that when media containing mineral components which do not benefit rooting are used, higher concentrations of the growth regulators are necessary [22] . Moreover, it can be suggested that the usage of inappropriate media in in vitro culture results in higher growth regulator requirements for a high proliferation rate to be achieved. The fact that low concentrations of BA and NAA were demanded in GAL and ZL, further supports the hypothesis that these media were the most suitable for 'Malagouzia' and 'Xinomavro'.
The higher temperature tested (26°C) resulted in rapid proliferation of 'Agiorgitiko' explants, another Greek cultivar [14] , being in accordance with the field cultivation practice of grapevines in Greece, with high summer temperatures [35] . It has been reported that when other subtropical plants, e.g. olive, were subjected to higher temperatures during in vitro culture, proliferation rate and development were increased [36] . Conclusively, cultures can be maintained at 26°C when commercial micropropagation is required or at 21°C when a fast proliferation rate is not obligatory.
The type of auxin seems to strongly affect the rooting of explants [26] . It has been reported that NAA, especially in high concentrations, caused severe toxicity problems in explants [37] . The results of our study support this observation for both cultivars. These side effects deteriorated at higher culture temperatures. On the other hand, IBA protected explants from decline, maybe via the stability and persistence of each growth regulator in the medium [38, 39] . For 'Malagouzia', the higher temperature positively affected rooting when IBA was present, but the side effects of NAA were enhanced, as well as the development of calli, presumably due to the increased impact of each auxin [14] . The severe auxin effect induced at higher temperature probably resulted in raised toxicity in the more sensitive cultivar, namely 'Xinomavro', a suggestion that deserves further investigation.
The better physiological condition of plantlets promoted by media supplemented with IBA resulted in higher acclimatization rates. Survival rate stabilized after 20 days of hardening for both cultivars. The gradual increase of light and decrease of relative humidity contributed to this. The survival rate paralleled the physiological appearance of plants after auxin treatment, which enforces the suggestion that the concentration and the type of rooting growth regulator highly affects the plants after acclimatization [26, 40] . Morphology of plants at the end of the in vitro rooting is closely dependent on the ex vitro survival of plantlets [28, and present study] .
Results obtained in this study are considered satisfactory for providing a potential commercial micropropagation protocol of 'Malagouzia' and 'Xinomavro', ensuring proper conditions for the in vitro maintenance of these two important Greek wine cultivars, with unique οenological characteristics. The developed protocol will be used for a pilot production of elite mother plant material from the private company Vitro Hellas S.A. Further studies could provide important information about field performance of in vitro produced plants. Table 1 . Effect of basal culture media on in vitro shoot proliferation of the grapevine cultivars tested (n=100 for each treatment). Table 5 . Effect of auxins and temperature on acclimatization of the grapevine cultivars tested (n = 100 for each treatment). Table 6 . Effect of auxins and temperature on the survival rate of acclimatization of the grapevine cultivars tested (n=100 for each treatment).
For each parameter the same letter represents values with no significant difference according to the Duncan's range test (P≤0.05).
Parameters S, LM and N refer to the plants at the end of the acclimatization period.
